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Computerized image analysis was used to assess nuclear 
atypia in 24 dysplastic nevi (DN), 19 CN (CN), and five thin 
melanomas. DN were selected for the study using architec-
tural criteria alone. Feulgen-stained, 6-um sections were ana-
lyzed with a microTICAS cytometer. At least 100 nuclei 
were measured in each case. The standard deviation of nu-
clear area, mean nuclear roundness, standard deviation of 
nuclear roundness, mean ploidy, and standard deviation of 
ploidy were found to be significantly greater for DN than for 
CN. DNA histograms from DN showed an increased frac-
tion above 2N, suggesting that DN are more proliferative 
T he presence of cytologic atypia within dysplastic nevi is controversial. In this debate, the most important component of cytologic atypia is nuclear atypia, i.e., nuclear hyperchromasia, pleomorphism, and enlarge-ment [1 ,2). Clark and co-workers have consistently 
argued that nuclear atypia is essential for the diagnosis of DN [3,1), 
whereas Ackerman has asserted that most DN do not display nuclear 
atypia [4] . The report of the NIH Consensus Development Confer-
ence on Precursors to Malignant Melanoma stated that "cytologic 
arypia with enlarged hyperchromatic melanocytic nuclei [is] often 
present but [is] not essential for diagnosis" [5] . 
In the present study, nuclear atypia within DN was assessed by 
computerized image analysis. The microTICAS image analyzer was 
used to obtain measurements of nuclear area, nuclear roundness, and 
integrated optical density. From these measurements the mean and 
standard deviation of nuclear area and roundness were calculated for 
each case, providing a quantitative estimate of nuclear enlargement 
and pleomorphism. Nuclear hyperchromasia was assessed from the 
integrated optical density measurements, which were also used to 
calculate DNA histograms. 
MATERIALS AND METHODS 
Forty consecutively accessioned DN, 24 CN, and five thin superfi-
cial spreading MM were selected from archival material. The DN 
had been diagnosed using only architectural criteria, which in-
cluded lentiginous epidermal hyperplasia with bridging; broad, 
horizontally oriented junctional nests; considerable lateral exten-
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than CN. No DN were aneuploid. All melanomas were an-
euploid, and differed significantly from DN in mean nuclear 
area, standard deviation of nuclear area, mean ploidy, and 
standard deviation of ploidy. 
There were no significant differences between the junc-
tional and intradermal populations of compound DN in any 
of the measured parameters, except that the intradermal nu-
clei were significantly rounder than the jUI).ctional nuclei. 
There were no significant differences between DN from 
patients with only a single DN and DN from patients with at 
least two dysplastic nevi.] Il'lvest D ermatol95:287 -291, 1990 
sion of the junctional nevus cells relative to the intradermal compo-
nent, for compound nevi; concentric and lamellar fibroplasia; lym-
phocytic inflammation; and prominent upper dermal vasculature. 
Not every case manifested all of these features, but no attempt was 
made to formally establish minimum diagnostic criteria. Cytologic 
atypia was not required for diagnosis. 
Of the 69 cases selected for the study, 21 could not be measured. 
(In 17 cases the paraffin block was not available or had been depleted 
of tissue; in three the Feulgen-staining was unsatisfactory; and in 
one case, heavy pigmentation made segmentation of the nuclei by 
the image analyzer impossible.) Twenty-four DN, 19 compound, 
and five junctional nevi, taken from 22 patients were measured . 
These patien~s ' charts were reviewed for a history of multiple DN 
and other eVidence of the DN syndrome. Fifteen of the DN had 
been removed from patients w hose charts revealed no other evi-
dence of the DN syndrome. These nevi were regarded as sporadic. 
Nine of the DN were removed from patients from whom at least 
one other histologically confirmed DN had been previously ex-
cised. (In some of these patients there was additional evidence for 
the DN syndrome, such as a family history or prior melanoma.) 
These nevi were regarded as syndromal. 
Six-micro!). sections were cut from each paraffin block. These 
were the thickest sections that could be used without encountering 
excessive numbers of overlapping nuclei. The sections were Feul-
gen-stained according to standard procedures [6] . Microphotometry 
was performed with a microTICAS image analyzer. The instru-
ment used was identical to that previously described [7,8]. except 
that a Zeiss 40X oil immersion objective was used for the nuclear 
measurements. This instrument determines the area, roundness, and 
integrated optical density of each nucleus examined. (Integrated 
optical density is measured in the 530 - 600 nm waveband. The 
"roundness" parameter, or form factor, is defin ed as p2/4nA, w here 
P is the nuclear perimeter and A is the nuclear area. A perfect circle 
would have a " roundness" of 1, and "roundness" increases as the 
shape of the nucleus becomes less circular or the nuclear contour 
becomes more irregular.) After a sufficient number of nuclei have 
been evaluated, the instrument calculates means and standard devia-
tions of the morphometric parameters, and produces a DNA histo-
gram. 
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Table I. Morphometric Parameters and Ploidy (mean ± SE) 
" Lesion N Nuclear Area SO Nuclear Area Nuclear Roundness SO Nuclear Roundness Mean Ploidy SO Mean Ploid , 
..... 
Common acquired nevi 19 31.30 ± 5.19 7.29 ± 0.36 1.89 ± 0.01 0.25 ± 0.01 2.07 ± 0.01 0.34 ± 0.02 
Dysplastic nevi 24 30.97 ± 1.19 9.73 ± 0.74 2.03 ± 0.02 0.30 ± 0.01 2.17 ± 0.02 0.53 ± 0.04 
Malignant melanomas 5 58.58 ± 5.19 23.05 ± 2.67 2.03 ± 0.02 0.28 ± 0.01 2.79 ± 0.10 0.97 ± 0.09 
Junctional component 30.25 ± 1.08 8.78 ± 0.74 2.02 ± 0.02 0.29 ± 0.01 2.17 ± 0.03 0.55 ± 0.04 
of compound 
dysplastic nevi 
Intradermal component 30.75 ± 1.11 9.04 ± 0.67 1.97 ± 0.02 0.30 ± 0.01 2.16 ± 0.03 0.45 ± 0.04 
of compound 
dysplastic nevi 
Sporadic dy~lastic nevi 15 31.44 ± 1.70 9.95 ± 1.05 2.04 ± 0.03 0.30 ± 0.01 2.16 ± 0.03 0.53 ± 0.06 
Syndromal ysplastic 9 30.04 ± 1.33 8.90 ± 0.66 2.00±0.03 0.29 ± 0.01 2.18 ± 0.04 0.53 ± 0.03 
nevi 
FOf each case, a minimum of 50 keratinocyte nuclei from the mid 
and upper stratum spinosum were measured as a diploid control. 
Then a minimum of 100 nevus cell or melanoma cell nuclei were 
measured. For compound DN, approximately equal numbers of 
nuclei from junctional and intradermal nevus cells were measured. 
It was possible to separately calculate mean morphometric parame-
ters and ONA histograms for junctional and intradermal popula-
tions. The compound CN contained only small numbers of junc-
tional celis, so intradermal nuclei were measured almost 
exclusively. For both common acquired and dysplastic compound 
nevi, intradermal nuclei were measured only in the upper dermis, to 
avoid the effects of nevoceliular maturation. 
RESULTS 
A total of 5005 nuclei (excluding keratinocyte nuclei) were mea-
sured from the 48 cases. The results from CN, DN, and MM are 
displayed in Table I. .When the results were an~lyzed by ca.se, one-
way analysis of variance showed that ON dtffered. sl~l11ficantly 
from CN in the followmg parameters: standard deViatIOn of area 
(p = 0.0135), mean roundness (p <: 0.0001), standard deviation of 
roundness (f = 0.0001), mean plOidy (p = 0.0017), and standard 
deviation 0 ploidy (p = 0.0006). There was no significant differ-
ence in mean nuclear area (p = 0.8243). ON differed significantly 
from MM in the following parameters: mean nuclear area (p < 
0.0001), standard deviation of nuclear area (p < 0.0001), mean 
ploidy (p < O.OOOl), and standard deviation of ploidy (p = 0.0002). 
Mean roundness and standard deviation of roundness were not sig-
nificantly different (p = 0.9684 and 0.3352, respectively). 
Despite the significant differences in the means, there was over, 
lap between individual DN and CN in morphometric parame~ 
and mean ploidy (Figs 1 - 5) . These indices seemed to define a s~, 
trum of atypia within the ON. The position that a particular ne~ 
occupied along this spectrum was histologically meaningful. Fot 
example, case 25 was within the range of CN in all pararnet 
except standard deviation of nuclear area; this case had the hist(}o, 
logic appearance of a mildly dysplastic nevus, without obvious cyt(}o, 
logic atypia (Fig 6) . Case 20 was quite abnormal in ploidy and in all 
morphometric parameters; this case had the histologic appearanCtl 
of a moderately dysplastic nevus, with obvious cytologic atypi~ 
(Fig 7). 
Figure 8 shows representative DNA histograms from the thr 
types of lesions. The histogra~s of the CN showed almost all of th 
nuclei concentrated into a relatively narrow peak at 2N, occasion, 
ally with a very small additional peak at 4N (Fig 8a). Histograms 
almost all DN showed an increased proportion of nuclei with. 
greater than 2N DNA content, in comparison with the eN (Fig 
4b). Some of these hyperchromatic nuclei were concentrated inro a. 
peak at or slightly below 4N, and some contributed to a broadening 
of the upper shoulder of the 2N peak, so that the 2N and 4N pe 
were to some extent merged. All of the melanomas had aneuploi 
histograms (Fig 4c) . All of the DN were clearly euploid (polyploid), 
except for one case, where the histogram showed an equivocal an-
euplOid peak. This was a severely dysplastic nevus, which had b 
interpreted by one of four dermatopathologists as MM. 
Separating the measurements from the junctional and intrader. 
mal compartments of the compound ON produced the results dis· 
played in Table 1. One-way analysis of variance showed thar cht 
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Figure 1. Standard deviation of nuclear area in common nevi, dysplastic 
nevi, and melanomas. 
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Figure 2. Nuclear roundness in commOn nevi, dysplastic nevi, and md 
nomas. 
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Figure 3. Standard deviation of roundness in common nevi, dysplastic nevi, 
and melanomas. 
difference between the two populations in mean nuclear roundness 
was at the threshold of significance (p = 0.05), when casewise anal-
ysis was employed; when all of the junctional and intradermal nu-
clei were grouped and compared, the difference in roundness was 
highly significant (p < 0.0001). The other parameters did not differ 
significantly between the two populations. Despite the lack of a 
significant difference in the average mean ploidy of the two popula-
tions, there were striking differences in the mean ploidy and DNA 
histograms of the two populations in some individual cases. 
There were no significant differences between the sporadic and 
syndromal DN (Table I). 
DISCUSSION 
T here are two previous studies of DN using microphotometric 
techniques [9,10]. Schmiegelow et al used plug-method cytopho-
tometry to evaluate 10 MM, 15 CN, and 10 DN [9]. A total of750 
nuclei were measured from the 10 DN. Nuclear anisokaryocytosis 
was used as a selection criterion for DN [9], which might have led to 
the detection of greater degrees of atypia. Only architectural criteria 
were used in the present study. Schmiegelow et al found mean 
nuclear area to be similar in DN and CN, while variability of nu-
clear area was greater in DN [9]. Variability of nuclear area in DN, 
in fact, approached that of MM [9]; while in the present study, 
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Figure 4. Mean ploidy in common nevi, dysplastic nevi, and melanomas. 
The vertical scale is logarithmic. 
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Figure 5. Standard deviation of ploidy in common nevi, dysplastic nevi, 
and melanomas. 
variability of nuclear area in DN was much closer to that of CN. 
The DNA histograms of DN showed an increased fraction in the 
2N to 4N range, compared with the histograms of CN; this was 
thought to reflect increased proliferation within the DN [9]. No 
DN but some MM contained aneuploid cell populations [9]. 
Schmiegelow et al obtained nuclear area measurements which were 
smaller than ours by as much as 100%. The reason for this discrep-
ancy is unclear; variations in tissue processing would not be ex-
pected to produce differences of this magnitude [11] . Cytophoto-
metry introduces approximations into the calculation of nuclear 
area which are not required for image analysis, but other investi-
gators using cytophotometry have obtained results very similar to 
ours [12]. 
Bergman et al used scanning cytophotometry to evaluate touch 
imprints from DN and other pigmented lesions [10]. Nevus cells 
were identified in the touch preps by pigment content [10] and 
chromatin pattern. * Thirty nuclei were measured per case. * It is 
difficult to compare the results of their study with ours, because the 
data were analyzed differently; but more abnormal DNA ploidy 
distributions were observed. Abnormal DNA histograms were 
found in 31 % of mildly atypical DN, in 68% of moderately atypical 
DN, and in 88% of significantly atypical DN [10]. In 31 of 58 DN 
more than 10% of nuclei had a DNA content of 4N or greater, and 
in five nevi more than 50% of nuclei had a DNA content of 4N or 
greater [10J. These highly abnormal ploidy distributions may be 
related to the selection of more phenotypically abnormal nevi. All 
of the nevi evaluated by Bergman et al had been removed from 
patients with multiple DN, and some of these patients had a per-
sonal or family history ofMM and other malignancies. * In addition, 
only nevi showing cytologic atypia were measured [10J. 
Bergman et al found that nevi from patients with familial DNS 
were more atypical than those from patients with sporadic DNS 
[10J. We studied a somewhat different question, whether DN oc-
curring in patients with DNS are different from sporadic DN. No 
differences were observed. 
There is a single report of the flow cytometry of DN [22] . 
Twenty-five percent of 28 DN were found to be aneuploid, but 
there were technical problems with melanin autofluorescence. * 
Five thin MM were evaluated in the present study, and all were 
found to be aneuploid. Other microphotometric studies have de-
tected aneuploidy in 64% -100% of primary melanomas 
[9 ,10,12,13]. Aneuploidy is found less frequently when flow cyto-
metry is used (21 %- 76% of cases) [14 - 21]. It is likely that flow 
• Dr. Willlla Berg lllall, persollal collllllimicatioll 10/ 18/ 89. 
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Figure 6. Case 25, a mildly dysplastic nevus. The minimal cytologic atypia 
evident in this photomicrograph correlates well w ith ploidy and morpho-
metri c parameters similar to those of C N . Although not apparent in this 
hi gh-power photomicrograph, this nevus unequivocally possessed the archi-
tectural features of DN. 
cytometry underestimates the percentage of nuclei with abnormal 
DNA content, because many other cellular constituents of the skin 
are counted along with the melanoma cells. Double staining for 
S100 protein and DNA was recently reported to raise the rate at 
which aneuploidy is detected by flow cytometry in primary mela-
noma, from 10.8% to 32.4%, supporting this interpretation [20) . 
None of the C N evaluated in the present study were found to be 
aneuploid. This is in agreement with the results of other micropho-
tometric studies [9,10,12] . However, 0%-25% of CN have been 
found to be aneuploid by flow cytometry [14,16,17,20,21,22] . The 
explanation for the discrepancy is unclear. It is possible that CN 
contain a small aneuploid population which is not well represented 
among the 100 or so nuclei measured per case by microphotometry, 
but is detected among the 50-100,000 nuclei meas ured by the flow 
cytometer. On the other hand , the flow cytometry of solid tumors is 
subject to a variety of errors [23]. In other systems, aneuploidy is 
uncommon in benign tumors, but is not unknown [23) . 
A novel aspect of the present study is that the cytologic character-
istics of the junctional and intradermal compartments of compound 
DN were compared. The mean roundness of the junctional nuclei 
Figure 7. Case 20, a severely dysplastic nevus. The obvious cytologic atypia 
visible in thi s photomicrograph correlates we ll with ploidy and morphomet-
ri c parameters which deviate significantly from those of CN. 
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Figure 8. Representative DNA histograms from (A) a C N (case 18), (B) a 
DN (case 41), and (C) a MM (case 47) . 
was significantly greater than the mean roundness of the intrader-
mal nucl ei. This is consistent with the perception that the junctional 
nevus cells are more often spindle-shaped, while the intradermal 
cells are rounder. No other significant differences were found be-
tween the mean ploidy or morphometric parameters of the two 
populations. This is surprising for several reasons. First, it is in 
conflict with the perception that the junctional component of a 
compound DN is more atypical than the intradermal componenr 
[24) . Second, the nevic life hypothesis states that the intradermal 
nevomelanocytes of a compound nevus are derived by the prolifera-
tion and "dropping off" of junctional nevomelanocytes, while the 
intradermal nevomelanocytes themselves express little mitotic ac-
tivity [1]. If the junctional nevomelanocytes are more proliferative 
they should have a higher mean ploidy. This was not observed in 
compound DN. Unfortunately, it was not evaluated in common 
acquired compound nevi, because these nevi contained only a small 
number of junctional nevomelanocytes. Interestingly, the rate of 
tritiated thymidine incorporation has not been found to differ be-
tween junctional and intradermal populations in compound nevi 
[25), and recently staining for the nuclear proliferation antigen 
Ki-67 has been found not to differ between the two populations 
[26). 
In summary, we have provided additional, quantitative evidence 
for the presence of mild cytologic atypia within DN. DNA hisro-
grams obtained from these lesions suggest that their constituenr 
nevomelanocytes are more proliferative than those of CN. These 
findin gs are consistent with the concept that the DN occupies an 
intermediate position along the spectrum from CN to melanoma. 
We ",ol/Id like to tllallk Larry KII/skell s, M.D., Pit .D., alld Joll/l S. CooIIIV, M.D., 
Ph.D., Jar he/Jilll discussiolls, alld Tracy Blick, M.Ed., Jar preparatioll oj graphs. 
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ANNOUNCEMENT 
A Research W orkshop on Alopecia Areata will be held on O ctober 25 and 26, 1990, at Lister 
Hill Auditorium, Lister Hill National Center, National Institutes of Health , Bethesda, Mary-
land. Purpose: This two-day workshop will bring together experts for an open exchange of 
information on the clinical and histopathologic fea tures of alopecia areata (a form of hair loss), 
th e factors controlling hair growth , autoimmune aspects of this disease, pharmacologic aspects, 
and animals models. Results of this workshop are expected to guide further research in this area. 
Organizers: Dr. Alan N . Moshell, NIAMS; D r. Vera H. Price, University of California; Dr. 
John T . Headington, University of Michiga n; D r. J ean-C laude Bystryn, N ew York Univer-
sity. Information: (301) 496-7326. Sponsored by: N ational Institute of Arthritis and Musculo-
skeletal and Skin Diseases and the N ational Al opecia Areata Foundation. 
